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Abstract:

Meteorological conditions affect almost every aspect of
naval warfighting operations. Precipitation and winds af-
fect the operational tempo of combat forces at sea, dur-
ing amphibious operations, and during aviation opera-
tions. Precipitation generates a clutter environment that
degrades electromagnetic and electro-optical  sensor
performance. Specific propagation paths, such as sur-
face ducts, can develop which greatly affect an electro-
magnetic sensor’s performance. Wind fields affect bal-
listic weapon trajectories and the dispersion of chemical
and biological agents which are becoming more com-
mon as warheads. If measurements can be accurately
made of environmental conditions, the warfighter can be
better prepared to adjust operational schedules, sensor
employment, and weapon deployment to complete a
specific mission.

Using innovative signal processing techniques,
Lockheed Martin Corporation, Government Electronic
Systems, is currently exploring the use of a tactical multi-
function shipborne radar, the AN/SPY-l B/D, for the
measurement of meteorological conditions. The SPY-1
radar’s normal tactical waveforms, if processed correctl  y,
can provide maps of reflectivity, scatterer mean radial ve-
locity, and spectrum width (indicative of twtxdence and
wind shear) throughout a search volume. This can be
done without interruption to the radar’s tactical scan.
These measurements are often referred to as the three
spectral moments in radar metrology. Application of
advanced signal processing techniques allow for the
SPY-1 to make these measurements using coded tacti-
cal waveforms and a very small number of pulses (where
traditionally uncoded waveforms and long pulse doppier
dwells have been required for weather observations).

Overview of Conventional Radar Me-
teorology Techniques:

The National Weather Service’s newest doppier
weather radar, NEXRAD, measures precipitation
intensity and characteristics of wind fields of a
storm. These radars have been depioyed through-
out the U. S., and they provide the up-to-the-min-
ute mosaics of weather conditions now available
throughout the country.

Measurements are generaliy made of three basic
spectral moments: reflectivity (a measure of scat-
terer density), mean radial veioaty, and spectrum
width (an indicator of turbulence and shear). NEX-
RAD takes measurements of these characteristics
using the pulse pair processing technique on data

taken from long sequences of uncoded puises. in
this technique, measurements of received signai
power and characteristics of the first lag of the
weather signal’s autocorreiation  function are used
to generate estimates of the three spectral mo-
me;ts. it should be noted that estimates of these
three moments can be made through puise pair
processing without actuaiiy generating a spectrum
of the weather sgnai. The relationship between
pairs of puises is enough to provide information on
signal intensity, mean radial veioaty,  and the width
of the weather signai spectrum. Use of iong, un-
coded, multipie puise dweiis aiiows for the radar to
take a iarge number of sampies of a phenomenon
to make accurate measurements, and it allows for
clutter filtering techniques to be appiied at the Iow-
est elevation to remove the eff ects of ground ciutter
from the signal spectrum.

At this point, it is appropriate to provide a brief over-
view of the definitions for the three spectral mo-
ments. This discussion is Iargeiy taken from refer-
ence [1].

Estimation of the Ievei of reflectivity in a storm is
relatively straight forward. A number of samples,
on the order of 100, are typicaiiy taken of the re-
ceived sgnai ~wer over a region of interest.
These sampies are averaged, and a conversion is
made from received signal intensity to reflectivity,
based on radar beam width, sampie range, trans-
mission power, and system iosses. The reflectivity
factor (a meterologicai  measurement) is calculated
from the general radar value of reflectivity. The
term “reflectivity factor” is defined as
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where
q = backscattering cross section per unit voiume,
k = transmitted wavelength, and
IK12 = a constant based on the backscatterers’  in-
dex of refraction (approximately 0.93 for water
phase preapitation).

The reflectivity factor is is generaiiy described on
a logarithmic scaie (units of dBZ), calculated as 10
iog Z, where Z is in units of mm6/m3. Typicai vaiues
range from 10 dBZ (drizzle) through 40 dBZ (rain)

1



to 70 dBZ (rain and hail). Nonprecipitating clouds
have values ranging from -15 dBZ to -30 dBZ.

Estimation of mean radial velocity is made using an
estimate of the first lag of the weather signal’s auto-
correlation function. Again, a number of samples
(on the order of 100) are typically used to make this
measurement. The estimate of the autocorrelation
function is given as

R(TJ = ~~v”(m) V(m+ 1).
~=o

where V(m) represents the complex basedband
voltage samples taken at a single range position at
a sample rate equal to the radar’s pulse repetition
interval (PRI). In the most straightforward ap-
proach, one sample is taken each pulse, so that the
number of pulses becomes M. The estimate of
mean radial veloaty becomes

()J.
v, = - ~ arg ‘(T’)
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where
T~ = the pulse repetition interval (PRI).

This estimator of mean radial velocity is not biased
by white noise. Even when the spectrum is not
symmetric, the mean radial velocity is accurate as
long as the weather signal is contained in a small
band relative to the Nyquist interval which results
from the sample rate. More detail of the pulse pair
mean velocity estimator is ~rovided  in reference
[1].

The spectrum width estimator is a function of the
magnitude of the first lag of the autocorrelation
function. If this value is relatively large, the signal
can be considered to be more coherent (and have
less spread). If it is relatively small, the signal is
less coherent (and has more spread). One spec-
trum width estimator is given as

av=(&)[ ~;,, ]sgn[+l)]
where
RI = the autocorellation  estimate evaluated for T~
equal to the waveform PRI
S = the estimate of signal power (total received
~wer minus noise power).

The accuracy of the estimates made using the
pulse pair technique depends on several factors,

including signal to noise ratio (SNR), spectrum
width of the signal being measured, and numbers
of independent samples used in the estimation of
signal power and the first lag of the autocorrelation
Iu%ion. Many tradeoffs a-n be made to optimize
the spectral moment estimation accuracy.

If SNR and signal spectrum width are held
constant, however, the number of independent
samples becomes the main issue for spectral mo-
ment accuracy. In general, a larger number of in-
dependent samples of a signal results in improved
spectral moment accuracy.

There are a number of ways to increase the num-
ber of independent samples taken of a weather
event. Larger numbers of pulses can be trans-
mitted (the most straightforward approach). Multi-
ple transmission and receive channels can be
employed to take more than one sample simulta-
neously. If a radar scans a region fast enough,
scan to scan averaging of the spectral moments
themselves can be used to reduce the estimate
variance. And finally, range averaging of the sam-
ples taken can help reduce the variance of the
spectral moments.

This last technique has been investigated pre-
viously, as outlined in reference [2]. Range averag-
ing is an attractive option for collecting an in-
creased number of samples, however it requires
that smaller range resolutions be achieved for indi-
vidual measurements so that range reporting inter-
vals are not increased when these individual sam-
ples are averaged over range. Coded waveforms
have tradhionally  been used in tactical radars to im-
prove range resolution, but coded waveforms have
not been used in operational weather radars due to
the degradation of the weather measurements
from range sidelobes. The range sidelobes which
result from coded waveforms have the effect of
“smearing” the weather picture, masking weak fea-
tures or sharp reflectivity and velocity changes in
the face of stronger signals which are flooded
through range sidelobes.

Short, uncoded pulses could be used to actieve
the better range resolution required for range aver-
aging, but the reduction in pulse width in this ap-
proach would reduce signal to noise ratio. This
would result in larger errors in the spectral moment
measurements.

Tactical Weather Radar Operation:
Many tactical radar systems share a set of com-
mon characteristics: operation at or near S-band,
use of coded waveforms, use of small numbers of
pulses (such as MTI waveforms) in search modes,



and good system sensitivity. These basic radar
characteristics, with the proper signal processing,
can produce accurate spectral moments estimates
without the use of dedicated waveforms.

With pulse pair processing, it is not necessary to
have 100 pulses in a dwell to make weather mea-
surements. In the Tactical Weather Radar (TWR)
concept, small numbers of pulses (typical of MTI
dwells) can be used to make these measurements.
Consider the case of a tactical system with the fol-
lowing parameters. (Note: these parameters are
not necessarily reflective of the SPY-1 radar but
are used here as an example and include charac-
teristics of a number of tactical systems.)

Pulse Type: MTl
Number of Pulses: 3
# Simult. Trans/Rec Channels: 3
Range Resolution: 50 m
Reporting Range Required: 500m
Waveform Coding: Yes

Using traditional radar processing with only pulse
to pulse averaging, there would be 3 pulses and 2
pulse pair groups to make spectral moment esti-
mates. However, this fictional tactical radar has
three channels from which to collect data and 500
meters over which to average results prior to re-
porting the spectral moment data. Therefore, the
total number of samples becomes 90 (3 x 3 x 10),
and the total number of pulse pairs becomes 60 (2

x3x 10). Although 3 pulse samples and 2 lag sam-
ples are not adequate for estimation of the three
spectral moments, 90 pulse samples and 60 lag
samples are generally adequate.

The use of a coded waveform, however, poses
another problem. Coded waveforms result in
range sidelobes that smear weather measure-
ments in range. Range sidelobe suppression tech-
niques can be used to reduce the effect of range
sidelobes. However, these techniques (such as
sidelobe suppression filters and inverse filters) de-
grade quickly in the presence of doppler shifts in
the received signal. Therefore, doppler tolerant
techniques must be applied.

Lockheed Martin developed a doppler tolerant
range sidelobe suppression technique that has
been successfully demonstrated in research ra-
dars for Federal Aviation Administration (FAA) ap-
plications (see references [3], [4], [5], and [6]). A
signal processor testbed has been developed as
part of these investigations, and this testbed is be-
ing used to process SPY-1 data in this experiment.
In the FAA case, a coded pulse doppler waveform
was used to make spectral moment measure-
ments. In this experiment, the technique is
adapted for MTI waveform processing, and single
pulse coded waveform processing. Consider fig-
ure 1 which illustrates the TWR signal processor
testbed.

A#T/ Waveform

.
Single Pulse Waveform

NEXRAD Waveform

Figure 1: Signal Processing Techniques Used in TWR Experiment

This figure outlines three of the processing ap-
proaches used in the experiment. First, a proces-
sing approach for a 3 pulse MTl system is pres-
ented. In this case, each of the simultaneous
channels of the radar system is processed sepa-
rately, and the results are averaged once the auto-

mrrelation function estimate is made. A Discrete
Fourier Transform (DIT)  is performed across the
three samples taken at each range interval. Phase
compensation is applied so that the combined
pulse compression (PC) / sidelobe  suppression
(SLS) filter is matched to each of the three outputs
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of the D17. After PC/SLS filtering, an Inverse Df7
is taken to produce the 3 pulse sequence that is
used in pulse-pair processing. The results of the
pulse pair processing (estimates of total signal
~wer and the first lag of the signal’s autoconela-
tion function) are then averaged over multiple
pulses, multiple channels, and over range to pro-
duce a result which accurately reflects the weather
spectrum characteristics.

The second approach is appropriate for a single
pulse waveform. In a single pulse waveform, no
doppler  phase compensation is possible since only
one pulse is transmitted. However, measurements
can still be made of reflectivity. Since most tactical
systems use something like MTl in regions where
clutter (such as preapitation)  is expected, it is
probable that a multiple pulse waveform will be
transmitted in regions of precipitation.

The last signal processing path represents that of
the NEXRAD waveform. No pulse compression is
used since the waveforms are uncoded. Almost all
averaging is done over pulses. Therefore, the pro-
cessing approach is simpler but requries a large
number of pulses to be transmitted in each beam
position to make the desired measurements (on
the order of 60 or 100).

Outline of Experiment:

The primary goal of this experiment is to determine
what weather information can be gained through
processing of normal, tactical search waveform
data through a separate sgnal processor. A se-
cond goal of the experiment is to determine what
dedicated dwells would be required to provide for
measurements of additional phenomena not cov-
ered by typical search dwells. It is expected that
dedicated weather dwells are appropriate when
vety low reflectivity phenomena are being ob-
served, and when surface clutter filtering is desired
to remove the effects of surface clutter from the
weather spectral moment estimates.

The experiment consists of an equipment prepara-
tion period followed by three data collection
phases. The equipment installation period is re-
quired to install a data tap so that raw radar data
can be extracted from the signal processor and
stored for post-mission processing and analysis.
The first data collection phase is the Baseline data
set and is required to test out the data tap, general
data quality, and the software patches required to
control the radar in a manner that will allow for the
collection of appropriate experimental weather
data. Lessons learned in this portion of the experi-

ment were applied to subsequent data collection
sets to improve data collection and data proces-
sing techniques. The second data collection phase
is the Proof of Concept data set, and it primarily in-
volves the collection of precipitation data to
comRare  the results of the SPY-1 radar with those
of a nearby NEXRAD doppler weather radar taken
simultaneously. It is during this phase of the ex-
periment that SPY-1’s ability to collect precipita-
tion weather data is assessed. The last data
collection phase is the Clear M Observations data
set in which specialized, dedicated waveforms will
be used to investigated SPY-1’s ability to detect
low observable weather phenomena such as clear
air turbulence and cloud layers. This paper primari-
lydeals with data collected during the Proof of Con-
cept data set.

Two basic types of comparisons are used in the
Proof of Concept data set to determine the accura-
cy of SPY-1 weather measurements using tactical
waveforms. First, reflectivity maps taken from a
SPY-1 radar, located at the Navy’s Combat Sys-
tem Engineering Development (CSED)  Site in
Moorestown, NJ, are compared with those taken
from a nearby NEXRAD. The NEXRAD is located
approximately 44 kilometers to the East of the
SPY-1 radar. Coverage of the two radars overlaps
over much of New Jersey. Data collection events
were focused on central and northern New Jersey,
extending past New York City to the North in some
cases. Reflectivity measurements do not depend
upon radar aspect relative to the phenomenon
measured (assuming neither radar is attempting to
make measurements beyond the radar horizon).
Therefore, comparison of results from two radars
is appropriate for this investigation.

When comparing radial velocity, however, radar
aspect angle is important. Two radars viewing a
single storm cell will make two different radial ve-
locity measurements if they are not colocated. In
this case, it is desirable to transmit both waveform
types (SPY-1 and NEXRAD) from a single radar
without any delay between the two and compare
the results. In this experiment, software patches
to the computer program which controls the radar
allows SPY-1 to transmit an uncoded waveform
which is very similar to NEXRAD’S.  In each beam
position, SPY-1 is configured to transmit the NEX-
RAD waveform followed immediately (within milli-
seconds) by a SPY-1 waveform. The results from
the two waveforms can then be compared for the
entire search region.

Spectrum width measurements can be evaluated
by using both ray trace comparisons with data tak-



en from SPY-1 alone, and from spectrum width
maps taken from SPY-1 and NEXRAD.

Results from two Precipitation
Events:

Two sets of results are presented in this paper.
One is from a precipitation event that passed
through southern New Jersey on June 19, 1996.
The other is from one which passed through on Au-
gust 21, 1996. The June data is presented first.
These data are typical of those collected through-
out the summer collection events.

Two basic comparisons are presented in the June
19 data. First, a comparison is made between the
spectral moment estimates made from an MTI wa-
veform transmitted from the SPY-1 radar at
CSEDS and the spectral moment estimates made
from an uncoded NEXRAD dwell sequence from
the same radar.

Figure 2 shows a comparison of reflectivity mea-
surements from the MTl and NEXRAD waveforms.
The estimates from the MTI waveform (solid line)

match well with the reflectivity estimates made a
few milliseconds later with the NEXRAD waveform
(dashed line). The estimates were averaged to a
1 kilometer range interval, typical of the reporting
intervals required for most of the reflectivity based
weather products used by the National Weather
Service. It should be noted that the reflectivity
traces match well even over steep gradients, such
as the one located at the range interval between 10
and 13 kilometers. This is a reflectivity shift of
approximately 35 dBZ. It is in steep gradient re-
gions where range sidelobe corruption is expected
to have the greatest impact on spectral moment
measurements. The traces continue to match well
over a low reflectivity region at a range of 39 kilo-
meters, and over a variety of peaks and valleys.
The variations between the between the SPY-1
waveform and NEXRAD waveform reflectivity esti-
mates are reflective of the random nature of the
weather phenomenon, and match the level of vari-
ance expected of these estimates.

Figure 2: Reflectivity: SPY-1 Waveform (solid), NEXRAD Waveform (dashed)
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Figure 3 illustrates the performance of the mean
velocity estimator for both the MTI waveform and
a NEXRAD waveform transmitted from SPY-1.
These radial velocity estimates were taken from
the same pulses as the previously presented re-
flectivity estimates. Once again, the measure-
ments made from the SPY-1 waveform match well
with those from the NEXRAD uncoded waveform.

A number of detailed features can be seen along
both radial velocity traces. The radial velocity val-
ues presented here are in meters per second
(double these values to approximate speed in
knots).

Figure 4 shows a comparison between spectrum
width values generated by an MTI waveform and
those generated from an uncoded NEXRAD wave-
form also transmitted from the CSEDS SPY-1 ra-
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Figure 3:
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alar. The MTl waveform values are represented bv line for the SPY-1 waveform, alona the x-axis of
a solid line, and the NEXRAD wavefo;m values are
represented by a dashed line. The spectrum width
estimation usually appears to have a relatively high
variance (appears to be more noisy) than the other
moments. However, both waveform types are re-
potting very similar values and the same trends
over the full range interval. Large spectmm  width
values (indicating phenomena such as shear and
turbulence) appear at approximately 8 kilometers.
Small spectrum width values are reported by both
waveforms at a range of approximately 55 kilom-
ters.

In the spectrum width calculation described pre-
viously, it is necessary to take the ratio of total sig-
nal power (total received power minus the receiver
noise power) to the magnitude of the first lag of the
autocorrelation function. Since the estimated re-
ceiver noise is subtracted from total noise power,
and since the total received ~wer is an estimate
with a nonzero variance, sometimes the result is
that the total signal power value is actually smaller
than the absolute value of the first lag. In theory
this is impossible, but it occurs  as a result of the er-
rors inherent in any measurement where noise is
present. Therefore, sometimes the spectrum
width value may not be a valid one. In these cases,
the value is flagged and not used.

In the spectrum width comparison shown here,
these invalid estimates are marked with an “x” for
the NEXRAD waveform and with a small vertical

the plot. Over a 10 kilometer region;orty estimates
are displayed. On average approximately three or
four estimates (for the NEXRAD waveform -- one
or two for the SPY-1 waveform) are invalid and
thrown away. This means that over 90% of the es-
timates are valid in this plot.

The next results presented involve entire maps of
spectral moment estimates. They are displayed
using the National Weather Service’s WVS display
package. In the first two color figures included at
the end of this paper (Figures 5 and 6), maps of ra-
dial velocity are displayed for the same scan from
which the previously discussed ray traces were
taken. The first figure is a map of SPY-1 waveform
radial velocity estimates taken at an elevation of
3.6 degrees. The range rings are provided 30 kilo-
meters apari (measurements are shown out to
approximately 90 kilometers). On the second plot
the radial velocity estimates from the NEXRAD wa-
veform are displayed. The green regions indicate
a radial velocity inbound to the radar at approxi-
mately two meters per semnd. The white region
indicates zero radial velocity (all motion is tangen-
tial to the radar). The dark brown region indicates
an outflow of approximately four meters per se-
cond. The lighter brown region shows outflows of
seven meters per second, and occasional orange
pixels indicate an outflow of eleven meters per se-
cond.

6



Figure 4: Spectrum Width: SPY-1 Waveform (solid), NEXRAD (dashed)
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The two plots are nearly identical. Small regions of “-

inflow occur direclty north of the radar, with tangen-
tial flow just to the right of these regions. The wind
fields show an outflow which increases as the radar
scans to the East. Detailed features visible in the
white regions, and between the brown shaded re-
gions, are clearly visible in both plots. Overall, the
wind field illustrated by the SPY-1 MTI waveform
matches very well with that of the NEXRAD un-
coded pulse doppler waveform. The MTI wave-
form reduces the data collection time for the vol-
ume by more than an order of magnitude. Both
radial veloaty plots generally agree with storm mo-
tion indicated by storm cell movement and by radial
veloaty plots provided by the nearby NEXRAD.

The last three color pictures, figures 7-9, illustrate
a series of reflectivity maps from an August storm.
Since the SPY-1 radar has an agile beam with a
flexible scan, and since the MTI waveform can
make radial velocity measurements with an order
of magnitude reduction in time, the SPY-1 radar is
capable of generating accurate, rapid snapshots of
storm events not possible by rotating paratmlic  an-
tenna radars such as NEXRAD.

Figure 7 is a composite reflectivity plot generated
from SPY-1 MTl data. In composite reflectivity
maps, the largest reflectivity value from any alti-
tude at a given geographic position is reported as
the composite reflectivity for that position. The re-
ports are made on a Cartesian grid with a 1 kilome-
ter grid spacing. The brown region indicates high

reflectivity values of approximately 43 dBZ. The
white regions show reflectivity values of 38 dBZ.
The green regions vary from 33 to 23 dBZ. And the
blue regions go down to 8 dBZ (light rain). Below
this point, the SPY-1 reflectivity maps are thresh-
olded (although these values are still well above
the receiver noise floor). This is done to keep the
results unclassified and still provide valid, useful
measurement data.

This data was collected over a time interval less
than 10 seconds. The extent of the reflecitivy map
is limited only by the experimental data collection
device used in the mission (in real operation, such
a radar would be able to provide 360 degrees of
coverage). The range rings are provided 30 kilo-
meters apart, with the first ring visible correspond-
ing to a range of 60 kilometers, relative to SPY-1.
The azimuth mark in the figures correspond to 30
degrees from North.

Two distinct cells are visible in the first figure. They
are relatively small (1 to five pixels in size for the
brown region). Velocity plots from the day indicate
general storm motion was going from West to East.

The second SPY-1 plot (figure 8), was taken 2.5
minutes later. The same two cells, as well as other
distinct matching features, appear. They are still
small in size, and the centroids have moved just
under 2 kilometers eastward (indicating a speed of
approximately 12 m/s, or about 24 knots).

The last color plot, figure 9, shows the composite
reflectivity map taken from the nearby NEXRAD
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radar located approximately 43 kilometers to the
SSW of the two dominant cells near the center of
the screen. The NEXRAD radar is closer to the
storm cells than the SPY-1 radar is. The map is
generated with the same composite reflectivity cal-
culation, and with the same grid spacing. The azi-
muth and range rings in this plot are centered on
the SPY-1 radar located at the CSED Site. The
scan used to collect the NEXRAD data took
approximately 5 minutes, a significantly slower
scan than that of the SPY-1 radar. The region
scanned by SPY-1 is shown with a dark border.
The two cells in this plot dearly correlate to the two
cells in figures 7 and 8. The other general features
of the green and blue regions also correlate well to
figures 7 and 8. However, the main cell is signifi-
cantly larger in size and almost appears as one
cell. This cell appears smeared because of the ef-
fectthat the slower NEXRAD scan has on the com-
posite reflectivity calculation used to generate the
images in Figures 7-9. Combination of Figures 7
and 8 results in a cell which more closely re-
sembles that of Figure 9. The temporal resolution
gained with an agile beam radar using range aver-
aging also improves the spatial resolution which re-
sults from calculations such as composite reflectiv-
ity.

Conclusions:

Detailed analysis of the data continues. Efforts are
focused on identifying and analyzing especially
stressing cases, such as when measurements are
being made near fast point targets or when steep
reflectivity gradients occur. With a preliminary
analysis complete, however, several main conclu-
sions can be drawn from this work.

MTI waveforms, using small numbers of pulses
(such as 3 and 4 pulse MTI systems), can provide
accurate measurements of the three spectral mo-
ments typically observed by radar meteorologists.
The results from this experiment show that mea-
surements taken from a SPY-1 radar compare fa-
vorably with those taken from a NEXRAD or those
taken using the NEXRAD uncoded pulse se-
quence transmitted by a SPY-1. This means that
tactical radar systems can provide valuable weath-
er data without interrupting their normal tactical
search scans.

Another advantage of this processing approach is
that the shorter dwells, typical of tactical systems,
can provide these measurements very quickJy.
When this is combined with the fact that many tacti-
cal systems use flexible electronic scan tech-

nques, very rapid updates can be provided of de-
veloping weather conditions.

DW}cated  weather dwells will be required forcer-
tain types of information. When surface clutter in-
tederes with weather signal returns, a longer dwell
sequence is required to filter the surface clutter
from the weather signal. Also, when dear air ob-
servations are desired, longer pulse sequences
are required to allow the typical tactical system to
achieve the required sensitivity. Implementation of
infrequent dedicated dwells, however, have less of
an impact on agile beam tactical systems such as
SPY-1. In such systems, they can be transmitted,
on a low priority basis, when the tactical system
can afford to schedule them. In tactically critical sit-
uations where no radar resources are available for
any dedicated weather scan, they can be elimi-
nated entirely.

Future work on this experiment will include inves-
tigations into making clear air observations with the
SPY-1 radar.
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Figure 5: Radial Velocity Map, 3.6 deg. el.,
taken from SPY-1 using MTI Waveform

Figure 6: Radial Velocity Map, 3.6 deg. cl.,
from SPY-1 using NEXRAD Waveform

Figure 7: Rapid Composite Reflectivity
Snapshot Taken by SPY-1 Using MTI
Waveform

Figure 8: Second Rapid Composite
Reflectivity Snapshot Taken by SPY-1
Using MTI Waveform

Figure 9: Composite Reflectivity Picture
From NEXRAD, Located Approx. 44 Km to
East of SPY-1


